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(54) WOUND COVERING MATERIAL AND WOUND COVERING COMPOSITION 



(57) A wound-covering material, which comprises, 
at least a polymer having a sol-gel transition tempera- 
ture in an aqueous solution thereof, shows a substantial 
water-insolubility at a temperature higher than the sol- 
gel transition temperature, and shows a reversible 
water-solubility at a temperature lower than the sol-gel 
transition temperature. Such a wound-covering material 
may closely be attached to a wound surface having a 
complex profile, since it may be placed on the wound 
surface in a liquid state. In addition, the wound-covering 
material may provide a wound-covering matter which 



may rapidly be converted into a gel state due to the tem- 
perature of the wound so as to be closely attached onto 
the wound surface, and is stably attached to the wound 
surface in close contact. The resultant covering matter 
is stable without being dissolved by exudate secreted 
from the wound surface and may prevent the secretion 
of the exudate until the completion of the wound surface 
healing so as to promote the process of the wound heal- 
ing. 
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Description 

Technical Field 

The present invention relates to a wound-covering s 
material which is suitably usable for a wound of an ani- 
mal (inclusive of human being), such as bum and bed- 
sore. Further, the present invention relates to a wound- 
covering material which may stably be left standing on a 
wound for a long period of time; is capable of preventing 
the exudation; and is capable of healing the wound with- 
out the necessity of its exchange, even when the 
wound-covering material is kept under a condition such 
that it is closely attached or adhere to the surface of the 
wound. Further, the present invention relates to a 
wound-covering material having an analgesic function. 
Further, the present invention relates to a wound-cover- 
ing materia] which is capable of healing a wound without 
the necessity of the implantation of skin, even when the 
wound to be healed is a wide-range full-thickness skin 
wound. Further, the present invention relates to a 
wound-covering material which is capable of promoting 
the healing of a wound while simultaneously preventing 
the infection of the wound. Furthermore, the present 
invention relates to a wound-covering composition 
which comprises, at least, water and the above-men- 
tioned wound-covering material, and also to a wound- 
covering medium which comprises a layer comprising 
the above-mentioned composition, and a low-water 
vapor-transmissive fflm disposed on the composition 
layer. 

Background Art 

In various animals inclusive of human beings, it is 
considered that their skin has functions or roles of: (1) a 
barrier against stimuli (externally imparted to a living 
organism) ; and (2) the prevention of the escape of body 
fluid and protection of internal organs. When the tissue 
of the above-mentioned animal skin is damaged due to 
a wound such as burn and bedsore, it is necessary to 
temporarily cause a skin substitute to perform the 
above-mentioned functions of the normal skin. 

Heretofore, there have been developed various 
wound-covering mediums which have a function of sub- 
stituting for the skin functions until the wound is healed. 
Such wound-covering mediums may roughly be classi- 
fied into the following types by the structures thereof: 

(1) Ones having a structure containing pores com- 
municating with each other, which are represented 
by woven fabric such as gauze, nonwoven fabric, or 
sponge, eta 

(2) Rims which have been formed from synthetic 
polymers such as polyurethane and silicone rubber, 
or from materials produced by (or derived from) liv- 
ing organisms such as chitin, collagen and fibrin; 
and also have a structure having a very poor poros- 
ity- 
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(3) Ones comprising fine hydrogel particulates of a 
water-absorptive material. 

(4) Ones having a composite structure which has 
been provided by combining the above-mentioned 
various kinds of structures. 

From the viewpoint of substitution for skin functions, 
the above-mentioned various structures have both 
advantages and disadvantages, respectively. However, 
these structires commonly have a most serious prob- 
lem about the body fluid exuding from the surface of a 
wound, namely, exudate. 

Heretofore, there have been common or accepted 
theories, such as a theory that how to discharge or 
absorb the exudate is important, from a viewpoint that 
the excess accumulation of the exudate capable of 
causing infection, etc., is seriously considered; or a the- 
ory that appropriate secretion and accumulation of the 
exudate are required in order to heal a wound, from a 
viewpoint that the excess dryness of the surface of the 
wound retards the healing thereof. 

The above-mentioned type (1) of the wound-cover- 
ing medium having a structure containing pores com- 
municating with each other is based on the former 
theory that the efficient discharge of the exudate is seri- 
ously considered. Further, the above-mentioned type 
(3) of the wound-covering medium comprising fine par- 
ticulate hydrogel is based on the theory that the exudate 
should be absorbed. 

On the other hand, the above-mentioned type (2) of 
the wound-covering medium having a film structure hav- 
ing a poor porosity is based on the latter theory that the 
excess dryness of the wound surface should be pre- 
vented and a wetted condition thereof should be main- 
tained so as to promote the healing of the wound. 

However, in a case where the above-mentioned 
wound-covering medium having a good porosity is 
used, the discharge of the exudate is good, but the exu- 
date or regenerated tissue penetrates into the pores of 
the covering medium, and it becomes very difficult to 
remove the covering medium from the wound at the 
time of the exchange of the covering medium or after 
the completion of the wound healing. In such a case, if 
the covering medium is forcedly removed from the 
wound, not only a portion of the tissue which has been 
already healed is damaged so as to seriously retard the 
healing of the wound, but also it is troublesome to 
remove the covering medium and such removal simulta- 
neously causes severe patient discomfort In addition, 
with respect to such a type of the wound-covering 
medium, there have been pointed out some problems 
that it has an excess transpirability to moisture and 
therefore the wound surface is excessively dried so as 
to retard the healing of the wound; or the sizes of the 
communicating pores in the inside of the porous mate- 
rial are large, and therefore external bacteria undesira- 
bly reach the wound surface. 

On the other hand, when the covering medium of 
the above type (2) having a poor porosity is used, 
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although various problems with the above-mentioned 
porous covering medium have been solved, there is 
posed a new problem that a large amount of the exu- 
date is accumulated between the covering medium and 
the wound surface, and such accumulation of the exu- 
date is liable to be a hotbed of rapid growth of bacteria. 
Especially, the covering medium having a poor porosity 
is harder than the above-mentioned covering medium 
(1) having a good porosity, and therefore it is difficult to 
closely attach such a type of covering medium to the 
surface of a wound having a complex profile or shape 
Further, when this type of the covering medium having 
a poor porosity is used, it has been pointed out the 
occurrence of a serious problem that a larger amount of 
the exudate is liable to be secreted. 

In addition, when the covering medium of the type 
(3) which comprises a particulate hydrogel capable of 
actively absorbing the secreted exudate is used, the 
secretion of the exudate is further promoted as the cov- 
ering medium absorbs a larger amount of the exudate. 
As a result there has been posed a problem that the 
absorbing ability of the covering medium is saturated, 
the accumulation of the exudate at the wound surface is 
noticeably recognized as compared with that in the case 
of the type (3) of the porous covering medium, and such 
accumulation of the exudate is liable to be a hotbed of 
rapid growth of bacteria 

As described above, the problems common to the 
conventional wound-covering mediums, i.&, the prob- 
lems concerning the discharge and absorption of the 
exudate have still been left unsolved. 

An object of the present invention is to provide a 
wound-covering material which has solved the above- 
mentioned problems encountered in the conventional 
wound-covering medium. 

Another object of the present invention is to provide 
a wound-covering material which has solved the prob- 
lems of the discharge or absorption of exudate 

A further object of the present invention is to pro- 
vide a wound-covering material which is capable of pro- 
viding a wound-covering matter (or article) which may 
stably be positioned or left for a long period of time 
under a condition such that it is closely attached to the 
surface of a wound. 

A further object of the present invention is to pro- 
vide a wound-covering material which is capable of pre- 
venting the exudation, and is capable of healing the 
wound without the necessity of the exchange thereof. 

A further object of the present invention is to pro- 
vide a wound-covering material which is capable of pro- 
viding a wound-covering matter which may stably be 
positioned for a long time under a condition such that it 
is closely attached to the surface of a wound. 

A further object of the present invention is to pro- 
vide a wound-covering material which is capable of 
healing a wound without the necessity of the implanta- 
tion of skin, even in the case of a wide-range full-thick- 
ness skin wound. 



A further object of the present invention is to pro- 
vide a wound-covering material which is capable of 
effectively preventing the infection of a wound. 

A further object of the present invention is to pro- 
vide a wound-covering material which is capable of pro- 
moting the healing of a wound. 

A further object of the present invention is to pro- 
vide a wound-covering material having an analgesic 
function. 

A still further object of the present invention is to 
provide a wound-covering composition which includes 
the above-mentioned wound-covering material, and is 
capable of forming a desirable wound-covering matter 
on the surface of a wound. 

Disclosure of Invention 

As a result of earnest study, the present inventor 
has found that the "in-situ" formation of a wound-cover- 
ing matter (e.g., in a film-like form) on the surface of a 
wound, which comprises a material comprising a poly- 
mer having a sol-gel transition temperature in an aque- 
ous solution thereof, and showing a substantial water- 
insolubility at a temperature higher than the above-men- 
tioned transition temperature, and further showing a 
reversible water-solubility at a temperature lower than 
the transition temperature, may rather promote the heal- 
ing of a wound, not only by easily providing a wound- 
covering matter which is closely attachable to the sur- 
face of the wound having a complex profile, but also by 
effectively preventing the exudation on the basis of the 
thus formed wound-covering matter. 

As a result of further study, the present inventor has 
also found that the wound-covering matter formed in 
such a manner may satisfy both of the adhesion prop- 
erty thereof to the wound surface, and easy removal of 
the wound covering matter from the wound of which 
healing has considerably been advanced. 

The wound-covering material according to the 
present invention is based on the above rfscovery, and 
more specifically, it comprises: a polymer having a sol- 
gel transition temperature in an aqueous solution 
thereof, shows a substantial water-insolubility at a tem- 
perature higher than the sol-gel transition temperature, 
and shows a reversible water-solubility at a temperature 
lower than the sol-gel transition temperature. 

The present invention also provides a wound-cover- 
ing composition, which comprises, at least, water and a 
polymer having a sol-gel transition temperature in an 
aqueous solution thereof, assumes a liquid state (sol 
state) at a temperature lower than the sol-gel transition 
temperature, and assumes a gel state which is substan- 
tially water-insoluble at a terrperature higher than the 
sol-gel transition temperature. 

The present invention further provides a wound- 
covering medium, comprising a layer of a composition 
to be positioned or placed on the side of a wound, and 
a membrane having a low water vapor permeability dis- 
posed on the outside of the composition layer; the com- 



EP0724 888A1 4 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55- 



3 



5 EP0724888A1 6 



position layer comprising, at least water and a polymer 
which has a sol-gel transition temperature in an aque- 
ous solution thereof, assuming a liquid state (sol state) 
at a temperature lower than the sol-gel transition tem- 
perature, and assuming a gel state which is substan- 5 
tially water-insoluble at a terrperature higher than the 
sol-gel transition temperature. 

According to the experiments conducted by the 
present inventor, the following findings have been 
obtained on the mechanism of the exudation from a 10 
wound. 

More specifically, according to the experiments 
conducted by the present inventor, it has been found a 
phenomenon that the exudate is not secreted in normal 
tissue, but when a space is artificially provided in the is 
normal tissue, the space is filled with body fluid secreted 
from the tissue surrounding the space, thereby to form a 
cyst-like structure. Therefore, according to the present 
inventor's findings, it is presumed that the secretion of 
the exudate is caused by a space provided between the 20 
wound surface and the covering medium on the basis of 
the above-mentioned phenomenon. 

In the conventional wound-covering materials to 
which a predetermined profile or shape is initially 
imparted, it is considered that such a wound-covering 2s 
material cannot closely be attached completely to the 
wound surface having a complex profile, but a certain 
space is provided between the covering materia) and 
the wound surface Based on the presence of such a 
space, the exudate is secreted by the mechanism as 30 
described above, and is accumulated within the space. 

On the contrary, the wound-covering material 
according to the present invention may be placed on the 
surface of a wound having a complex profile in a liquid 
state (sol state) on the basis of the characteristic of a 35 
polymer constituting the covering material (i.e., a poly- 
mer having a sol-gel transition temperature in an aque- 
ous solution thereof), and may rapidly be converted into 
a semi-solid state (gel state). Accordingly, when the 
covering material according to the present invention is 40 
used, it is presumed that the material in a liquid state 
may closely be attached even to the surface of a wound 
having a complex profile, and substantially no space is 
provided between the material and the wound surface, 
and therefore there is substantially no exudation, 45 
whereby the accumulation of the exudate does not 
occur. 

In the present invention, a hydrophilic portion of the 
above polymer imparts the polymer with a function of 
being converted into a water-soluble state at a temper- so 
ature lower than the sol-gel transition temperature (e.g., 
a temperature lower than the temperature of the wound 
surface). On the other hand, a hydrophobic portion of 
the polymer imparts the polymer with a function of being 
converted into a gel state at a temperature higher than ss 
the sol-gel transition temperature (e.g., the temperature 
of the wound surface) In other words, the bonds 
between the above hydrophobic portions contribute to 
the formation of crosslinking points of the above gel. 



The wound-covering material according to the 
present invention utilizes bonds between the hydropho- 
bic portions in the above polymer, i.e., the property of 
the above hydrophobic bond as described hereinbelow. 

The hydrophobic bond has a property such that the 
bonding strength thereof is increased along with an 
increase in temperature, and the crosslinking strength 
and crosslinking density thereof are increased along 
with an increase in terrperature. Therefore, the wound- 
covering material according to the present invention 
assumes a liquid state at a temperature lower than the 
sol-gel transition temperature, and may be placed on 
the surface of a wound under a condition such that it is 
closely attached to the wound surface completely. In 
addition, crosslinkage due to the hydrophobic bond in 
the covering material is formed at a temperature (e.g., 
at the temperature of the wound surface) higher than 
the sol-gel transition temperature so that it assumes a 
gel state. As a result, the covering material according to 
the present invention may stably perform a function as a 
wound-covering material on the wound surface. 

Further, since the temperature dependence of the 
above hydrophobic bond strength has a reversible prop- 
erty, the sol-gel transition occurs reversibly when the 
wound-covering material according to the present 
invention is used. Accordingly, in a case where such a 
property is utilized, when the wound-covering material 
according to the present invention becomes unneces- 
sary (e.g., at the time of the completion of the wound 
healing), or when the covering materia) is to be 
exchanged, the covering material may easily be 
removed from the wound surface by lowering the tem- 
perature to a certain value lower than the sol-gel transi- 
tion temperature (e.g., by lowering the temperature to a 
value lower than the wound temperature) so as to con- 
vert the material into a liquid state (sol state). 

As described above, when the wound-covering 
material according to the present invention is used, the 
covering material may easily be removed from the 
wound surface simply by utilizing a temperature change 
alone, and therefore it is very easy to wash the wound 
surface or to exchange an effective antibiotic substance, 
at the time of the infection of the wound. 

The polymer constituting the wound-covering mate- 
rial according to the present invention may preferably 
have a sol-gel transition temperature which is higher 
than 0 °C and not higher than 40 °C. Since the temper- 
ature of the wound surface is generally 30 - 40 °C, the 
wound-covering material may preferably have, at least, 
a sol-gel transition temperature of not higher than 40 °C, 
in view of the maintenance of a stable gel state on the 
wound surface. 

On the other hand, the hydrophilic portion in the 
above polymer imparts the polymer with a property of 
being converted into a water-soluble state at a temper- 
ature lower than the sol-gel transition temperature so 
that the hydrophilic portion imparts the material with a 
function of being easily removed from the wound sur- 
face at the time at which the wound-covering material is 
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to be exchanged or the healing of the wound is com- 
pleted. Simultaneously, the hydrophilic portion imparts 
the material with a function such that the material is 
capable of forming a water-containing gel while prevent- 
ing the above polymer from being agglomerated or pre- 
cipitated at a temperature not lower than the sol-gel 
transition temperature due to an excess increase in the 
hydrophobic bonding strength at a temperature higher 
than the above sol-gel transition temperature. 

As specific examples of a polymer having a sol-gel 
transition temperature in an aqueous solution thereof 
and reversibfy assuming a sol state at a temperature 
lower than the sol-gel transition temperature, there have 
been known, ag., polyalkyiene-oxide block copolymer 
represented by block copolymers comprising polypro- 
pylene oxide portions and polyethylene oxide portions; 
etherified (or ether group-containing) celluloses such as 
methyl cellulose and hydroxypropyl cellulose; chrtosan 
derivatives, eta, (K.R. Holme, et al. Macromolecules, 
24, 3828 (1991)). 

In addition, there has been developed a wound- 
covering gel (RM Nalbandian et al., J. Biomed. Mater. 
Res.. 6, 583 (1972); J. Biomed. Mater. Res.. 1£ 1135 
(1987)) utilizing Pluronic F-127 (trade name, mfd. by 
BASF Wyandotte Chemical Go.) comprising a polypro- 
pylene oxide portion and polyethylene oxide portions 
bonded to the both terminals thereof. 

It is known that a high-concentration aqueous solu- 
tion of the above Pluronic F-127 is converted into a 
hydrogel at a temperature of not lower than about 20 °C, 
is converted into an aqueous solution at a temperature 
lower than the above-mentioned temperature. However, 
this material can assume a gel state only at a high con- 
centration of not lower than about 20 wt.%. In adcfition, 
even when such a gel having a high concentration of not 
lower than about 20 wt% is maintained at a tempera- 
ture of not lower than the gel-forming temperature, the 
gel is dissolved by further adding water thereto. Accord- 
ingly, when a gel comprising the above Pluronic F-127 is 
simply applied onto the surface of a wound, the gel is 
dissolved by the exudate from the wound surface, etc., 
and therefore it is difficult to maintain a stable gel state 
on the wound surface, and it is impossible to prevent the 
secretion of the exudate from the wound surface. In 
addition, since the molecular weight of the Pluronic F- 
127 is relatively low, and it shows an extremely high 
osmotic pressure at a high concentration of not less 
than about 20 wt.%, and simultaneously the Pluronic F- 
127 may easily permeate the cell membranes, whereby 
the Pluronic F-127 can adversely affect the wound sur- 
face. 

On the other hand, in the case of an etherified cel- 
lulose represented by methyl cellulose, hydroxypropyl 
cellulose, eta , the sol-gel transition temperature thereof 
is as high as about 45 °C or higher (N. Sarkar, J. Appl. 
Polym. Science, 24, 1073, (1979)). Accordingly; when 
such an etherified cellulose is simply applied onto a 
wound surface, since the temperature of the wound sur- 
face is, at most, 37 °C or below, the material assumes a 
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sol state and is dissolved by the exudate from the 
wound surface, etc.. whereby the material cannot pre- 
vent the secretion of the exudate from the wound sur- 
face. 

5 Further, the above-mentioned chrtosan derivatives 
have a sol-gel transition temperature as high as about 
50 °C (K.R. Holme, et al., Macromolecules, 24, 3828 
(1991)). Accordingly, when such a chrtosan derivative is 
simply applied onto a wound surface, since the temper- 
to ature of the wound surface is, at most 37 °C or below, 
the material assumes a sol state and is dissolved by the 
exudate from the wound surface, etc., whereby the 
material cannot prevent the secretion of the exudate 
from the wound surface. 
is As described above, when a conventional polymer 
having a sol-gel transition temperature in an aqueous 
solution thereof, and reversiUy assuming a sol state at 
a temperature lower than the above transition tempera- 
ture is simply applied onto a wound surface, the follow- 
20 ing problems are posed: 

(1) ff the polymer is once converted into a gel state 
at the sol-gel transition temperature or above, the 
resultant gel is dissolved when water is further 

25 added thereto. That is, even if the polymer is con- 
verted into a gel state on a wound surface, the gel 
is cfissotved by the exudate secreted from the 
wound surface, and the polymer cannot maintain a 
stable gel state for a long period of time. As a result, 

30 the polymer cannot prevent the secretion of the 
exudate from the wound surfaca 

(2) The polymer has a sol-gel transition tempera- 
ture higher than the temperature of the wound sur- 
face On the neighborhood of 37 °C ). and therefore 

35 the polymer is not converted into a gel state on the 
wound surface, whereby the polymer cannot pre- 
vent the secretion of the exudate from the wound 
surface. 

(3) ft is necessary to increase the concentration of 
40 the polymer in an aqueous solution thereof to an 

extremely high value, in order to convert the poly- 
mer into a gel stata 

According to the present inventor's investigation, it 
45 has been found that the above-mentioned problems 
have been solved by using a polymer having a sol-gel 
transition temperature in an aqueous solution thereof so 
as to constitute a wound-covering material which sub- 
stantially shews a water-insolubility at a temperature 
so higher than the sol-gel transition temperature, and 
reversibly shows a water-solubility at a temperature 
lower than the sol-gel transition temperature. 

Brief Description of Drawings 

55 * 

Fig. 1 is a graph showing the results of the meas- 
urement of a weight change in water, which have been 
obtained in Example 3 appearing hereinbelow with 
respect to a BPE (a polymer obtained in Example 1 
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appearing hereinbelow) gel, and Pluronic F-127 gels 
(having concentrations of 20 % and 30 %). 

Fig. 2 is a photograph showing a state which has 
been obtained by forming a full-thickness skin wound 
having a size of 2.0 x 2.0 cm. pouring thereinto a solu- 
tion of the above-mentioned BPE (a wound-covering 
material according to the present invention), converting 
the material into a gel state on the deficient wound, and 
immediately thereafter photographing the resultant 
state (magnification: x 2.0). 

Fig. 3 is a photograph showing a state which has 
been obtained by forming a full-thickness skin wound 
having a size of 2.0 x 2.0 cm. placing the above BPE gel 
onto the deficient wound, and leaving the resultant 
product for one week (magnification: x 2.7). 

Fig. 4 is a photograph showing a state which has 
been obtained by forming a full-thickness skin wound 
having a size of 2.0 x 2.0 cm, placing the above BPE gel 
onto the deficient wound, and leaving the resultant 
product for two weeks (magnification: x 3.8). 

Fig. 5 is a photograph showing a state which has 
been obtained by forming a full-thickness skin wound 
having a size of 2.0 x 2.0 cm, placing the above BPE gel 
onto the deficient wound, and leaving the resultant 
product for three weeks (magnification: x 2.4). 

Fig. 6 is a photograph showing the histological find- 
ings of a linear wound portion, which has been obtained 
by placing the above BPE (a wound-covering material 
according to the present invention) gel on a full-thick- 
ness skin wound having a size of 2.0 x 2.0 cm, leaving 
the resultant product for three weeks, and observing a 
section of the linear wound (a section obtained by cut- 
ting the linear wound in a direction substantially perpen- 
dicular to the linear wound) (magnification: x 78). 

Fig. 7 is a photograph showing the histological find- 
ings of a linear wound portion which has been obtained 
by placing the above BPE gel on a full-thickness skin 
wound having a size of 2.0 x 2.0 cm, leaving the result- 
ant product for three weeks, and observing a dermis (or 
corium) portion of the resultant wound (magnification: x 
78). 

Fig. 8 is a photograph showing a state which has 
been obtained by pouring a solution of the above-men- 
tioned BPE (a wound-covering material according to the 
present invention) into a full-thickness skin wound hav- 
ing a size of 4.0 x 4.0 cm, converting the material into a 
gel state on the deficient wound, and immecfiately there- 
after photographing the resultant state (magnification: x 
1.5). 

Fig. 9 is a photograph showing a state which has 
been obtained by pouring the above-mentioned BPE 
solution into a full-thickness skin wound having a size of 
4.0 x 4.0 cm, converting the material into a gel state on 
the deficient wound, and leaving the resultant product 
for one week (magnification: x 2.4). 

Fig. 10 is a photograph shewing a state which has 
been obtained by pouring the above-mentioned BPE 
solution into a full-thickness skin wound having a size of 
4.0 x 4.0 cm, converting the material into a gel state on 



the deficient wound, and leaving the resultant product 

for two weeks (magnification: x 2.3). 

Fig. 11 is a photograph showing a state which has 

been obtained by pouring the above-mentioned BPE 4 
5 solution into a full-thickness skin wound having a size of 

4.0 x 4.0 cm, converting the material into a gel state on 

the deficient wound, and leaving the resultant product 

for three weeks (magnification: x 2.3). 

Fig. 12 is a photograph showing a state which has 
10 been obtained by pouring the above-mentioned BPE 

solution into a full-thickness skin wound having a size of 

4.0 x 4.0 cm, converting the material into a gel state on 

the deficient wound, and leaving the resultant product 

for four weeks (magiification: x 2.5). 

15 

Best Mode for Carrying Out the Invention 

Hereinbelcw, the present invention will be 
descrfoed in detail with reference to the accompanying 
20 drawings as desired. In the description appearing here- 
inafter, and "part(s)" for describing quantities or 
ratios thereof are by weight unless otherwise noted spe- 
cifically. 

25 (Sol-gel transition temperature) 

In the present invention, the terms "sol state" "gel 
state" and "sol-gel transition temperature" are defined in 
the following manner. With respect to these definitions, 

30 a paper (Polymer Journal, 1g(5), 411-416 (1986)) may 
be referred to. 

1 ml of a solution of a polymer is poured into a test 
tube having an inside diameter of 1 cm, and is left 
starring for 12 hours in a water bath which is controlled 

35 at a-predeterrrrined (constant) temperature. Thereafter, 
in a case where the interface (meniscus) between the 
solution and air is deformed (inclusive a case wherein 
the solution flows out from the test tube) due to the 
weight of the solution per se when the test tube is 

AO turned upside down, the above polymer solution is 
defined as a "sol state" at the above-mentioned prede- 
termined temperature. 

On the other hand, in a case where the interface 
(meniscus) between the solution and air is not deformed 

4s due to the weight of the solution per se even when the 
test tube is turned upside down, the above polymer 
solution is defined as a "gel state" at the above-men- 
tioned predetermined temperature. 

In addition, in a case where a polymer solution hav- 

50 ing a concentration of, e.g., about 3 wt.% is used in the 
above-mentioned measurement, and the temperature 
at which the "sol state" is converted into the "gel state" 
is determined while gradually increasing the above "pre- 
determined temperature" (e.g., in 1 °C increment), the 

55 thus determined transition temperature is defined as a 
"sol-gel transition temperature". At this time, alterna- 
tively, it is also possible to determine the above temper- 
ature at which the "gel state" is converted into the "sol 
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state" while gradually decreasing the "predetermined 
temperature* (e.g., in 1 °C decrement) 

In the present invention, the above sol-gel transition 
temperature may preferably be higher than 0 °C and not 
higher than 40 °C (more preferably, not lower than 4 °C 
and not higher than 37 °C) in view of the balance 
between the stability of the wound-covering material 
placed on a wound surface, and the easy removal the 
covering material from the wound surface. The polymer 
having such a preferred sol-gel transition temperature 
may easily be selected from specific compotnd as 
described below, according to the above-mentioned 
screening method (method of measuring the sol-gel 
transition temperature). 

In the wouncrccvering material according to the 
present invention, it is preferred to set the above-men- 
tioned sol-gel transition temperature (a °C) between the 
temperature at which a wound-covering mater based on 
such a material is to be formed on a wound surface (b 
°C; e.g., the temperature of an aqueous solution), and 
the temperature on the wound surface (c °C). In other 
words, the above-mentioned three kinds of tempera- 
tures of a °C, b °C and c °C may preferably have a rela- 
tionship of b < a < c. More specifically, the value of (a - 
b) may preferably be 1 -35 °C, more preferably 2- 30 °C 
On the other hand, the value of (c- a) may preferably be 
1 -35 °C. more preferably 2- 30 °C. 

(Plural blocks having cloud point) 

The plural block having a cloud point may preferably 
comprise a polymer which shows a negative solubility- 
temperature coefficient with respect to water. More spe- 
cifically, such a polymer may preferably be one selected 
from the group of: polypropylene oxide, copolymers 
comprising propylene oxide and another alkylene oxide, 
poly N-substituted acrylamide derivatives, poly N-sub- 
stituted methacrylamide derivatives, copolymers com- 
prising an N-substituted acrylamide derivative and an 
N-substituted methac^amide derivative, polyvinyl 
methyl ether, and partially-acetylated procbct of polyvi- 
nyl alcohol. It is preferred that the above polymer (block 
having a cloud point) has a cloud point of higher than 0 
°C and not higher than 40 °C, in view of the provision of 
a polymer (compound comprising a plurality of blocks 
having a cloud point, and a hydrophilic block bonded 
thereto) to be preferably used in the present invention 
having a sol-gel transition temperature of higher than 0 
°C and not higher than 40 °C. 

It is possible to measure the cloud point, e.g., by the 
following method. That is, an about 1 wt.%-aqueous 
solution of the above polymer (block having a cloud 
point) is ceded to be converted into a transparent 
homogeneous solution, and thereafter the temperature 
of the solution is gradually increased (temperature 
increasing rate: about 1 °C/min.), and the point at which 
the solution first shows a cloudy appearance is defined 
as the cloud point. 



Specific examples of the poly N-substituted acryla- 
mide derivatives and poly N-substituted methacryla- 
mide derivatives are described below. 
Poly-N-acryicyl piperidine 
s Poly-N-n-propyi methacrylamide 

Poly-N-isopropyl acrylamide 
Poly-N-diethyl acrylamide 
Poly-NHSopropyl methacrylamide 
Poly-N-cyclopropyl acrylamide 
w Poly-N-acryloyl pyrrolidine 

Poly-N,N-ethyl methyl acrylamide 
Poly-N-cyclopropyl methacrylamide 
Poly-N-ethyl acrylamide 

The above polymer may be either a homopdy- 

75 mer or a copolymer comprising a monomer constituting 
the above polymer and "another monomer". The 
"another monomer" to be used for such a purpose may 
be a hydrophilic monomer, or a hydrophobic monomer. 
In general, when copolymerization with a hydrophilic 

20 monomer is conducted, the resultant cloud point may be 
increased. On the other hand, when copolymerization 
with a hydrophobic monomer is conducted, the resultant 
cloud point may be decreased. Accordingly, a polymer 
having a desired cloud point (e.g., a cloud point of 

25 higher than 0 °C and not higher than 40 °C) may be 
obtained by selecting such a monomer to be used for 
copolymerization. 

Specif ic examples of the above hydrophilic mono- 
mer may include: N-vinyl pyrrolidone, vinyl pyridine, acr- 

30 ylamide, methacrylamide, N-methyt acrylamide, 
hydraxyethyl methacrylate, hydroxy ethyl acrylate, 
hydraxymethyl methacrylate, rtydraxymethyl acrylate, 
methacrylic acid and acrylic acid having an acidic 
group, and salts of these acids, vinyl sulfonic acid, sty- 

35 renesutfonic acid, etc., and derivatives having a basic 
group such as N,N4imethylaminoethyl methacrylate, 
N,N-diethylaminoethyt methacrylate. N,N-dimethylarrri- 
nopropyt acrylamide, salts of these derivatives, etc. 
However, the hydrophilic monomer to be usable in the 

40 present invention is not restricted to these specific 
examples. 

On the other hand, specific examples of the above 
hydrophobic monomer may include: acrylate derivatives 
and methacrylate derivatives such as ethyl acrylate, 

45 methyl methacrylate, and glycidyl methacrylate; N-sub- 
stituted alkyl methacrylamide derivatives such as N-n- 
butyl methacrylamide; vinyl chloride, acrylonitrile, sty- 
rene, vinyl acetate, eta However, the hydrophobic mon- 
omer to be usable in the present invention is not 

so restricted to these specific examples. 

(Hydrophilic block) 

On the other hand, specific examples of the 
ss hydrophilic block to be combined with (or bonded to) the 
above-mentioned block having a cloud point may 
include: methyl cellulose, dextran, polyethylene oxide, 
polyvinyl alcohol, poly N-vinyl pyrrolidone, polyvinyl pyri- 
dine, potyacrylamide, rxlymethacrylamide, poly N- 
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methyl acrylamide, pcrfyhytfroxymethyl acrylate, poly- 
acryfic acid, polymethacrylic acid, polyvinyl sulfonic 
acid, polystyrene sulfonic acid, and salts of these acids; 
poly N.N^imethylarninoetrtyl methacrylate, poly N,N- 
diethylarninoethyt methacrylate, poly N,N-dimethylarrti- s 
nopropyl acrylamide, and salts of these, etc. 

The process for combining the above block having 
a cloud point with the hydrophilic block is not particularly 
limited. For example, it is possible to conduct such a 
combination by introducing a polymerizable functional 10 
group (such as acrytoyl group) into either one of the 
above blocks, and copolymerizing with the resultant 
product a monomer capable of providing the other 
block. 

Alternatively, it is also possible to obtain a combina- is 
tion product of the above block having a doud point with 
the hydrophilic block by copolymerizing a monomer 
capable of providing the block having a cloud point with 
a monomer capable of providing the hydrophilic block. 

In addition, the block having a cloud point and the 20 
hydrophilic block may also be combined or bonded with 
each other by preliminarily introducing reactive func- 
tional groups (such as hydroocyl group, amino group; car- 
boxyi group, and isocyanate grotp) into both kinds of 
the blocks, and combining these blocks by using a 2s 
chemical reaction. At this time, it is usual to introduce a 
plurality of reactive functional groups into the hydrophilic 
block. 

Further, the polypropylene oxide having a cloud 
point and the hydrophilic block may be combined or 30 
bonded with each other by repetitively subjecting poly- 
propylene oxide and a monomer constituting the above 
"other water-soluble polymer (such as ethylene oxide) 
to a stepwise or consecutive polymerization, th ereby to 
obtain a block copolymer comprising polypropylene 3s 
oxide and the "other water-soluble polymer" (such as 
polyethylene oxide) combined therewith. 

Such a block copolymer may also be obtained by 
introducing a polymerizable group (such as acryloyl 
group) into the terminal of polypropylene oxide, and 40 
then copolymerizing therewith a monomer constituting 
the water-soluble polymer. 

Further, a polymer usable in the present invention 
may be obtained by introducing a functional group 
which is reactive in a bond-forming reaction with the ter- 45 
minal functional group of polypropylene oxide (such as 
hydroxyl group) into a water-soluble polymer, and react- 
ing the resultant water-soluble polymer and the polypro- 
pylene oxide. In addition, a polymer usable in the 
present invention may be obtained by connecting mate- so 
rials such as one comprising polypropylene glycol and 
polyethylene glycol bonded to both terminals thereof 
(such as Pluronic F-127; trade name, mfd. by Asahi 
DenkaKogyoK.K.). 

At a temperature lower than the cloud point the pol- 55 
ymer preferably usable in the present invention (a com- 
pound comprising a plurality of blocks having a cloud 
point, and a hydrophilic block combined therewith) may 
completely be dissolved in water so as to assume a sol 



state, since the above-mentioned "block having a cloud 
point" present in the polymer molecule is water-soluble 
together with the hydrophilic block. 

However, when a solution of the above polymer is 
heated up to a temperature not lower than the cloud 
point, the "block having a doud point" present in the pol- 
ymer molecule becomes hydrophobic so that separate 
molecules of the polymer are assotiated or aggregated 
with each other due to a hydrophobic interaction. 

On the other hand, the hydrophilic block is water- 
soluble even at this time (i.e., even when heated tp to a 
temperature not lower than the doud point), and there- 
fore, the polymer according to the present invention in 
water is formed into a hydrogel having a three-dimen- 
sional network structure wherein hydrophobic assoda- 
tion portions between the blocks having a cloud point 
constitute crosslinking points. The temperature of the 
resultant hydrogel is again cooled to a temperature 
lower than the doud point of the t>lock having a doud 
point" present in the polymer molecule, the block having 
a doud point becomes water-soluble and the above 
crosslinking points due to the hydrophobic assodation 
are released or liberated so that the hydrogel structure 
disappears, whereby the polymer according to the 
present invention is again formed into a complete aque- 
ous solution. In the above-described manner, the sol- 
gel transition in the polymer according to the present 
invention is based on the reversible hydrophilio-hydro- 
phobic conversion in the block having a doud pant 
present in the polymer molecule at the cloud point, and 
therefore the transition has a complete reversibility in 
accordance with a temperature change. 

(Wound-covering material) 

As described above, the wound-covering material 
according to the present invention comprising at least a 
polymer having a sol-gel transition temperature in an 
aqueous solution thereof, substantially shows a water 
insdubility at a temperature (d °C) higher than the sol- 
gel transition temperature, and reversibty shows water 
solubility at a temperature (e °C) lower than the sol-gel 
transition temperatura 

The above-mentioned temperature (d °C) may pref- 
erably be a temperature which is at least 1 °C, more 
preferably at least 2 °C (particularly preferably, at least 5 
°C) higher than the sol-gel transition temperature. Fur- 
ther, the above-mentioned "substantial water insolubil- 
ity" may preferably be a state wherein the amount of the 
above polymer to be dissolved in 100 ml of water at the 
above temperature (d °C) is 5.0 g or less (more prefera- 
bly 0.5 g or less, particularly preferably 0.1 g or less). 

On the other hand, the above-mentioned tempera- 
ture (e °C) may preferably be a temperature which is at 
least 1 °C, more preferably at least 2 °C (particularly 
preferably, at least 5 °C) lower than the sol-gel transition 
temperature. Further, the above-mentioned \vater solu- 
bility" may preferably be a state wherein the amount of 
the above polymer to be dssotved in 100 ml of water at 
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the above temperature (e °C) is 0.5 g or more (more 
preferably 1 .0 g or more). The above "to show a revers- 
ible water solubility" refers to a state wherein an aque- 
ous solution of the above wound-covering material 
shows the above-mentioned water solubility at a tem- 
perature lower than the sol-gel transition temperature, 
even when it is once formed into a gel state (at a tem- 
perature higher than the sol-gel transition temperature). 

A 10%-aqueous solution of the above polymer may 
preferably show a viscosity of 10 - 3,000 centpoises, 
(more preferably, 50 - 1.000 centipotses) at 5 °C. Such 
a viscosity may preferably be measured, e.g., under the 
following measurement conditions: 

Viscometer: Stress-controlled type rheometer 
(model: CSL-500, mfd. by Carri-Med Co., USA) 

Rotor diameter: 60 mm 

Rotor configuration: Parallel -plate type 

Measurement frequency: 1 Hz (hertz) 

Even when the an aqueous solution of the wound- 
covering material accord ng to the present invention is 
formed into a gel state at a temperature higher than the 
sol-gel transition temperature, and thereafter the result- 
ant gel is immersed in a large amount of water, the gel 
is not substantially dissolved in water. For example, 
such a characteristic of the above covering material 
may be confirmed in the following manner. 

More specifically, 0.15 g of the wound-covering 
material according to the present invention is dissolved 
in 1.35 g of distilled water at a temperature tower than 
the above sol-gel transition temperature (e.g., under 
cooling with ice) thereby to prepare a 10 w%-aqueous 
solution. Then, the resultant solution is poured into a 
plastic Petri dish having a diameter of 35 mm, then the 
dish is warmed up to a temperature of 37 °C to form a 
gel having a thickness of about 1.5 mm in the dish, and 
the total weight of the Petri dish (f gram) containing the 
gel is measured. Then, the entirety of the Petri dish con- 
taining the gel is left standing in 250 ml of water at 37 °C 
for 1 0 hours, and thereafter the total weight of the Petri 
dish (g fpam) containing the gel is measured, thereby to 
determine whether the gel has been cfissolved from the 
gel surface or not At this time, in the wound-covering 
material according to the present invention, the ratio of 
weight decrease in the gel, i.e., the value of {(f-g)/f} 
may preferably be 5.0 % or less, more preferably 1.0% 
or less (particularly preferably 0.1 % a less). 

Even when an aqueous solution of the wound-cov- 
ering material according to the present invention was 
converted into a gel state at a temperature higher than 
the sol-gel transition temperature, and then the result- 
ant gel was immersed in a large amount (about 0.1 - 
100 times larger than the gel, by volume ratio), the gel 
was not dissolved for a long period of time (as shown by 
Example 3 appearing hereinafter). On the contrary, in a 
case where a similar gel was formed by using the 
above-mentioned Pluronic F-127 comprising polypro- 
pylene oxide and polyethylene oxide bonded to both ter- 
minals thereof, the resultant gel was completely 



dissolved when the gel is left standing in water for sev- 
eral hours. 

The above-mentioned property of the wound-cover- 
ing material according to the present invention is impor- 

5 tarrt in view of the long-term prevention of the exudation 
on a wound surface. Such a property has never been 
found in the conventional wound-covering materials. 
The properties of the wound-covering material accord- 
ing to the present invention may be provided, e.g., by 

w using a polymer having a plurality of blocks having a 
cloud point in one molecule as described above 

According to the present inventor's findings, in the 
case of the above-mentioned Pluronic F-127, it is pre- 
sumed that one molecule thereof has only one block 

is having a cloud point (i.e., polypropylene oxide block) 
present therein, and the crosslinking structure between 
hydrophobic groups to be formed at temperature higher 
than the sol-gel transition temperature is weak or fragile, 
and therefore the gel based on the Pluronic F-1 27 is <Ss- 

20 solved in water. On the other hand, in the case of the 
wound-covering material according to the present 
invention, it is presumed that a gel having a firm 
crosslinking structure is formed since the polymer used 
therein has two or more hydrophobic blocks in one mol- 

25 ecule, and the water-resistance of the resultant gel is 
improved 

The wound-covering material according to the 
present invention comprises at least the above-men- 
tioned polymer having a sol-gel transition temperature, 

30 but may further comprise another component as 
desired. Specific examples of the "other component" in 
such an embodiment may include: e.g., an analgesic 
agent, etc., in addition to an antibacterial agent and a 
wound healing-accelerator as described below. In such 

35 a case, it is preferred to use the "other component" in an 
amount of 0.5-30 parts, more preferably 1-10 parts, with 
respect to 100 (weight) parts of the polymer having a 
sol-gel transition temperature. 



(Antibacterial agent) 





55 



In the present invention, an antibacterial agent for 
'external use which has widely been used for clinical 
purposes at present, may preferably be used for the 
above antibacterial agent More specifically, preferred 
examples thereof may include: e.g., silver nitrate, para- 
aminobenzene sulfamide, gentamicin, silver sulfadi- 
azine, nalidixic acid, piromidic acid pipemidic acid, nor- 
acin, ofloxacin, ciprofloxacin, etc. However, the 
I agents to be usable are not limited to these 

specific exa 

It is preferred to^setheabove antibacteriajagent in 
an amount of 0.5 - 30 partsTm^e pr eferabry'l -10 parts, 
with respect to 1 00 parts of the polymer according to the 
present invention. 
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(Wound healing-accelerators) 

In the present invention, it is preferred to use a 
cytokine ancVor an extracellular matrix having an effect 
of increasing the affinity with tissue and simultaneously 
promoting epithelization, as the above wound healing- 
accelerator. More specifically, preferred examples 
thereof may include: e.g., extracellular matrixes such as 
various type of collagerts, fibronectia vitronectin, lam- 
irtin, proteoglycan, and glycosaminoglycan; cytokines 
such as TGF (tumor growth factor), FGF(ffotoWast 
growth factor), and PDGF (platelet-derived growth fac- 
tor). In adcftion to the extracellular matrix or cytokine, 
thermally denatured products of collagen such as gela- 
tine have a, similar effect, and therefore these sub- 
stances may also be used similarly as the above- 
mentioned extracellular matrix, eta 

It is preferred to use the above extracellular matrix 
in an amount of 0.1 - 50 parts, more preferably 1-20 
parts, with respect to 100 parts of the polymer accord- 
ing to the present invention. 

On the other hand, it is preferred to use the above 
cytokine in an amount of about 0.1 -1 00 ng with respect 
to 1 g of the polymer according to the present invention. 

In a case where the above-mentioned antibacterial 
agent, wound healing-accelerator, etc., is incorporated 
into the wound-covering material according to the 
present invention, for example, it is possible to adopt a 
method wherein the antibacterial agent, wound healing- 
accelerator, etc., are dissolved or dispersed in an aque- 
ous solution of the above covering material at a temper- 
ature lower than the sol-gel transition temperature of the 
covering material. 

(Wound-covering composition) 

The wound-covering composition according to the 
present invention is a composition which comprises, at 
least water and the polymer as described hereinabove; 
assumes a liquid state (sol state) at a temperature lower 
than the sol-gel transition temperature; and assumes a 
gel state which is substantially insoluble in water at a 
temperature higher than the sol-gel transition tempera- 
ture. 

In the wound-covering composition according to the 
present invention, it is preferred to use water in an 
amount of about 40 - 2000 parts (more preferably about 
90 • 500 parts) with respect to 1 0 parts of the above pol- 
ymer. 

In this case, the meanings of the above-mentioned 
"temperature (e °C) lower than the sol-gel transition 
temperature" and "temperature (d °C) higher than the 
sol-gel transition temperature" are the same as those 
described with respect to the wound-covering material 
according to the present invention. In adcftion, the 
meaning of "substantially insoluble in water" is the same 
as that described with respect to the gel based on the 
wound-covering material according to the present 
invention. 



The above composition (in a state such that it is 
present immediately before the application thereof to a 
wound) may preferably show a viscosity of 10 - 3,000 
centipoises (more preferably 50 - 1 ,000 centipoises) at 

5 5 °C. Such a viscosity may be measured, e.g., under 
viscosity measurement conditions which are the same 
as those described with respect to the wound-covering 
material according to the present invention. 

In the wound-covering composition according to the 

10 present invention, it is also possible to use an aqueous 
medium such as physiological saline (physiological salt 
solution), Ringer's solution, buffer, and culture medium, 
instead of the above-mentioned water. 

The wound-covering composition according to the 

75 present invention may also contain, in addition to the 
above polymer and water, a liquid substance other than 
water. Specific examples usable for such a purpose 
may include: ag., water-soluble liquids including alco- 
hols (e.g., monohydric, cfihydric and trihydric alcohols) 

20 such as ethanol, ethylene glycol, propylene glycol, and 
glycerin; oily liquids such as vegetable oil, liquid paraf- 
fin, and animal oil (an oily liquid is used after it is con- 
verted into a suspension or emulsion as desired)- In a 
case where such a liquid substance is used, it is pre- 

25 ferred to use the liquid in an amount of about 0.1 - 100 
parts, more preferably about 1 - 50 parts with respect to 
100 pars of water. 

The wound-covering composition according to the 
present invention comprises at least water and the 

30 above-mentioned polymer having a sol-gel transition 
temperature, but may further comprise another compo- 
nent as desired. Specific examples of the "other compo- 
nent" in such an embodiment may include: eg., an 
antfoacterial agent, a wound healing-accelerator, an 

35 analgesic agent, etc., as described above. In such a 
case, it is preferred to use the "other component" in an 
amount of 0.5 - 30 parts, more preferably 1 - 10 parts, 
with respect to 100 parts of the polymer having a sol-gel 
transition temperature. 

40 

(Method of using wound-covering material) 

Hereinbetow, there is specifically described a pre- 
ferred method of actually using the wound-covering 

46 material according to the present invention. 

For example, at a temperature lower than the sol- 
gel transition temperature of the polymer constituting 
the wound-covering material according to the present 
invention, the covering material is dissolved in an aque- 

so ous medium such as physiological salt solution, 
Ringer's solution, and culture medium so as to provide 
a concentration of 0.5 % - 20 % (more preferably 2 % - 
10%). At this time, it is also possible to add an antibac- 
terial agent, a wound healing-accelerator, etc., to the 

55 aqueous solution of the above-mentioned wound-cover- 
ing material, as desired, by a method as described 
hereinabove. 

Then, the resultant aqueous solution of the wound- 
covering material (i.e., an embodiment of the wound- 
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covering composition according to the present inven- 
tion) is maintained at a temperature lower than the 
above sol-gel temperature, and is placed (or placed) on 
the surface of a wound while maintaining the aqueous 
solution state. s 

The method of placing or pouring the aqueous solu- 
tion of the wound-covering material on the surface of a 
wound is not particularly limited, as long as it is possfole 
to form a wound-covering matter in the form of a sheet 
or fOm (or membrane) as described hereinbelow on the 10 
wound surface More specifically, it is possfole to appro- 
priately use, e.g., a method wherein the above-men- 
tioned aqueous solution is dropped or dripped onto the 
wound surface by means of a dripping device such as 
syringe and pipet, a method wherein the solution is 15 
applied onto the wound surface by means of an applica- 
tion device such as brush, a method wherein the solu- 
tion is applied onto the wound surface by spraying, etc. 

When the temperature of the aqueous solution of 
the above covering material reaches the temperature of so 
the surface of a wound (i.a, a temperature higher than 
the sol-gel transition temperature), the aqueous solution 
is converted into a gel state so that it may stably be fas- 
tened onto the wound surface (as a wound-covering 
matter). In such a manner, the thickness of the wound- 2s 
covering material which has been formed along the 
wound surface usually having a complex profile or out- 
line, generally becomes ununrform Such a thickness 
(average thickness) is not particularly limited as long as 
the above covering matter may stably be placed onto 30 
wound surface. In view of the balance between the rate 
of gel formation and gel strength, in general, the thick- 
ness may preferably be 0.1 - 10 mm (more preferably 
0.5 - 5 mm). 

It is preferred to cover the upper surface of the 35 
wound-covering matter with a flexble film such as poly- 
urethane, silicone elastomer, in order to prevent the 
excess transpiration or vaporization of water form the 
resultant gel, after the wound-covering matter in a gel 
form is formed in the above-described manner. 40 

The above-mentioned film may preferably have a 
low water vapor permeability. The film may preferably 
have a water vapor permeability of about 800 
(g/m 2 • 24hr) or below, more preferably about 500 
(g/m 2 • 24hr) or below, particularly preferably about 300 as 
(g/m 2 • 24hr) or below at 25 °C, when converted into the 
value thereof in the case of a 25 jim-thick membrane. 
With respect to the details of the measurement method 
for such a water vapor permeability, e.g., a paper enti- 
tled "Makugaku Jikken-ho (Experimental procedures for so 
Membranes)", edited by Masayuki Nakagaki, 209 - 227 
pages (XV. Experimental procedures for gas permeabil- 
ity in synthetic polymer membranes), published by 
KHami Shobo Co. (1984) may be referred to The thick- 
ness of the film is not limited as long as it can prevent ss 
the excess transpiration or vaporization of water from 
the wound-covering matter in a gel state. In general, the 
thickness may preferably be about 1 urn - 2 mm (2,000 
jim ), more preferably about 5 jim - 0.5 mm (500 tun). 



The material constituting the film is not particularly lim- 
ited as long as it is within a range corresponding to the 
above-mentioned "preferred water vapor permeability 

and foickngBS". „ _ .. _ 

^fFfeFwound-covering material according to the 
present invention can be colored as desired. The 
above-mentioned gel based on the covering material 
can be made translucent or opaque, but may preferably 
have a high transparency so that the degree of the heal- 
ing of the wound surface may be observed from the out- 
side of the gel. From such a viewpoint, it is preferred 
that the above-mentioned "flexible film" for covering the 
upper surface of the wound-covering matter according - 
—to the~present_ invention is also excellent^transpar- 
ency. — 

In a case where the above-mentioned wound-cov- 
ering material is removed from the wound surface for a 
certain reason such as the completion of the healing of 
the wound, and the infection of the wound surface, the 
covering matter is cooled to a temperature lower than 
the above sol-gel transition temperature so as to con- 
vert the covering matter into a liquid state (sol state), 
whereby the covering matter may easily be removed 
from the wound surface. 

rt is preferred to use the wound-covering material or 
wound-covering composition according to the present 
invention for the purpose of covering a wound, after the 
covering material or composition is sterilized. The steri- 
lization method used for such a purpose is not particu- 
larly limited, but it is preferred to use, e.g., autoclave 
sterilization. 

In an embodiment wherein the above-mentioned 
wound-covering conrposrtion is used in combination 
with the above-mentioned membrane (film) having a 
low-water vapor permeability, there may be used a 
method wherein a layer (in a gel state) comprising the 
wound-covering composition is formed on the surface of 
a wound, and thereafter a low-water vapor permeability 
membrane is placed onto the outside of the composition 
layer (i.e., the side of the composition layer opposite to 
the wound surface side thereof) thereby to constitute a 
wound-covering medium in-situ; or a method wherein a 
composition layer having a predetermined thickness is 
placed on a low-water vapor permeability membrane (or 
such a layer is formed on the membrane by coating), 
thereby to preliminarily prepare a wound-covering 
medium. 

When the wound-covering mecfium of the latter 
type, i.e., a wound-covering mecfium comprising a film 
and a composition layer which has preliminarily been 
formed thereon is used, it is possible to cover a wound. 
e.g., by placing the wound-covering material onto the 
wound surface so that the composition layer side 
thereof contacts the wound surface, and thereafter cool- 
ing the wound-covering material by using appropriate 
cooling means (such as cooling spray, cold insulator or 
cold-reserving material, and ice bag) so as to once con- 
vert the composition layer into a sol state, and then 
removing the cooling means so as to convert the com- 
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position layer into a gel state on the basis of body tem- 
perature. 

Hereinbelow, the present invention will be 
described in more detail with reference to Examples. 
However, it should be noted that the present invention is s 
defined by Claims, but is not limited by the following 
Examples. 

Example 1 

w 

1 60 mol of ethylene oxide was subjected to an addi- 
tion reaction with 1 mol of trimethylol propane by cati- 
onic polymerization, thereby to obtain polyethylene 
oxide triol. 0.02 mol of the thus obtained polyethylene- 
oxide triol was dissolved in 100 ml of distilled water, and is 
then 0.1 mol of potassium permanganate was added 
thereto and the resultant mixture was subjected to an 
oxidization reaction at 25 °C for 60 minutes, thereby to 
obtain a polyethylene oxide tricarboxyl derivative. 

10 g of the thus obtained polyethylene oxide tricar- 20 
boxyl derivative, 5 g of polypropylene oxide diamino 
derivative (average propylene oxide polymerization 
degree: about 65, Jeflamine D-4000, mfd. by Jefferson 
Chemical Co., U.S.A.) and 5 g of both terminal-ami- 
nated polyethylene oxide (molecular weight = 6000, 2s 
mfd. by Kawaken Fine Chemical K.K.) were dissolved in 
1000 ml of carbon tetrachloride, and then 1.2 g of dicy- 
clohexyl cartxxfiimide was added thereto, and the 
resultant mixture was allowed to cause a reaction for 6 
hours under refluxing at boiling point. The resultant 30 
reaction mixture was cooled and filtered, and thereafter 
the solvent therein was distilled off under reduced pres- 
sure. Then, the resultant residue was dried under vac- 
uum, thereby to obtain a polymer (BPE) as a wound- 
covering material according to the present invention. 35 

The above-mentioned polymer BPE was dissolved 
in distilled water under cooling with ice so as to provide 
a concentration of 8 %. When the resultant aqueous 
solution was gradually warmed, it was found that the 
viscosity thereof was gradually increased from 5 °C, and 40 
it was converted into a hydrogel at about 10 °C. When 
the resultant hycfrogel was cooled, it was converted into 
an aqueous solution state at 5 °C. Such an aqueous 
solution (sol) - gel conversion could be observed revers- 
ibty and repetitively. 45 

Example 2 

9.61 g of N-isopropyf acrytamide (mfd. by Kojin 
K. K.) ( 0.71 g of n-butyl methacrylate (mid. by Wako Jun- so 
yaku Kbgyo K.K.), and 1.12 g of methacryloyi isocy- 
anate (mfd. by Nippon Paint K.K.) were dissolved in 400 
ml of chloroform contained in a reaction vessel. After 
the inside of the reaction vessel was purged with nitro- 
gen gas, 0.135 g of N.N'-azobisisobutyronitrile was ss 
added thereto, and the resultant mixture was subjected 
to polymerization at 60 °C for 6 hours. The reaction mix- 
ture was concentrated, and then was reprecipitated in 
diethyl ether to agglomerate precipitate particles. The 



resultant precipitate was dried under vacuum, thereby 
to obtain 7.8 g of poly (N-isopropyl acryiamide-co-meth- 
acrytoyl isocyanate-co-n-butyt methacrylate). 

Then, 1.0 g of the thus obtained poly (N-isopropyl 
acrylamide-a>-methacrytoy1 isocyanate-co-n-butyl 
methacrylate) and 0.5 g of both terminal-ami nated poly- 
ethylene oxide (molecular weight = 6000, mfd. by 
Kawaken Fine Chemical K.K.) were dissolved in 100 ml 
of chloroform, and the resultant mixture was allowed to 
cause a reaction at 50 °C for 3 hours. 

The reaction mixture was cooled to room tempera- 
ture, and thereafter 0.1 g of isopropylamine was added 
thereto, and was left standing for 1 hour. The reaction 
mixture was concentrated, and then was precipitated in 
diethyl ether. The resultant precipitate was separated by 
titration, and then dried under vacuum, thereby to 
obtain 1.5 g of a polymer (GYM) as a wound-covering 
material according to the present invention. 

0.5 g of the thus obtained polymer (GYM) was dis- 
solved in 10 ml of distilled water under cooling with ice. 
When the resultant aqueous solution was gradually 
warmed, it was found that the solution lost its fluidity at 
about 20 °C or above, so as to be converted into a gel 
state. When the resultant gel was cooled, it recovered 
Hs fluidity at about 20 °C or below, so as to be again 
converted into an aqueous solution. Such a sol-gel tran- 
sition conversion was reversibly and repetitively 
observed. The above polymer had a sol-gel transition 
temperature of about 20 °C. 

Examples 

An aqueous solution (a wound-covering composi- 
tion according the present invention) of the BPE 
obtained in Example 1 was converted into a gel state, 
and then immersed in a large amount of water at 37 °C, 
whereby the dissolution characteristic of the resultant 
gel was measured with the elapse of time. Separately, 
as a comparative experiment, the above-mentioned 
Pluronic F-127 (hereinafter, simply referred to as "F- 
127") was similarly converted into a gel, and the disso- 
lution characteristic of the resultant gel was measured 
in water at 37 °C. 

More specifically, the above-mentioned dissolution 
characteristic was evaluated in the following manner. 

That is, 0.15 g of the polymer (BPE) synthesized in 
Example 1 was dissolved in 1.35 g of distilled water 
under cooling with ice, thereby to prepare an aqueous 
solution having a concentration of 10%. Thereafter, the 
resultant solution was poured into a plastic Petri dish 
having a diameter of 35 mm, then the dish was warmed 
up to a temperature of 37 °C to form a gel having a 
thickness of about 1.5 mm in the dish, and the total 
weight of the Petri dish (initial weight) containing the gel 
was measured. 

Then, the entirety of the Petri dish containing the 
gel was left standing in 250 ml of water at 37 °C for a 
predetermined period of time, and thereafter the Petri 
dish was taken out of the water, and the total weight of 
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the Petri dish containing the gel was measured with the 
elapse of time, thereby to determine the difference 
between the thus measured weight and the above-men- 
tioned initial weight In this manner, the cfissolution 
behavior of the gel (from the gel surface being in contact 
with water) into water was evaluated. 

As comparative experiments, each of 0.3 g and 
0.45 g of the above F-1 27 was dissolved in 1 .2 g or 1 .05 
g of distilled water, respectively, under cooling with ice, 
thereby to prepare an aqueous solution of the F-1 27 
having a concentration of 20 % and 30 %, respectively. 
By using the thus obtained aqueous solutions, the dis- 
solving behaviors of these aqueous solutions were eval- 
uated in the same manner as in the case of the above 
BPE, by preparing a gel having a thickness of about 1 .5 
mm in a Petri dish, and leaving it standing in 250 ml of 
water at 37 °C. The results obtained by these experi- 
ments are shown in the &aph of Fig. 1. 

It was considered that the above-mentioned disso- 
lution experiments simulated the dissolution behavior of 
the gel toward exudate, when the gel was placed on the 
surface of a wound. 

As shown in the above Rg. 1, in any of the cases of 
the Pluronic F-127 gels having concentrations of 20 % 
and 30 %. respectively, the gels were completely dis- 
solved in water within several hours. On the contrary, in 
case of the gel of the wound-covering material (BPE) 
according to the present invention, it was found that the 
gel was not substantially dissolved for 1 0 weeks. These 
results of the experiments suggest that in the case of 
the Pluronic F-127, the resultant gel was very unstable 
on the wound surface, but in the case of the wound-cov- 
ering material according to the present invention, the 
resultant gel could be placed on the wound surface very 
stably. 

Example 4 

Each of Wistar rats (male) having a weight of 250 - 
350 g was anesthetized by ether, and then a surface 
portion thereof extending from the left dorsal region to 
the left lateral region of abdomen was shaved and disin- 
fected. In such a portion, a full-thickness skin wound 
having a size of 2.0 x 2.0 cm a 4.0 x 4.0 cm was asep- 
tically performed, and then the bleeding from the wound 
surface was completely controlled. 

Then, the wound-covering material (BPE) prepared 
in Example 1 was dissolved in physiological saline 
under cooling with ice so as to provide a concentration 
of 1 0 W%, and thereafter the resultant mixture was ster- 
ilized by means of an autoclave (121 °C, 20 min.), and 
then was again dissolved in physiological saline under 
cooling with ice. The resultant physiological saline solu- 
tion of BPE cooled with ice was sucked in a cooled pipet 
and was poured into the above-mentioned full-thickness 
skin wound. The amount of the thus poured solution 
was about 1.2 ml in the case of the deficient wound of 
2.0 x 2.0 cm, and about 2.5 ml in the case of the defi- 
cient wound of 4.0 x 4.0 cm. 



After the pouring of the above BPE solution, the 
conversion thereof into a gel state was promoted due to 
the temperature of the wound surface, and was com- 
pletely converted into a gel state after about one min 
5 later, thereby to provide a wound-covering matter (thick- 
ness: about 3 mm when evaluated through naked eye 
observation) which comprised the BPE gel and was 
closely attached to the wound surface having a complex 
profile. After 2 - 3 mi a counted from the above pouring, 
10 the outer surface of the gel was covered with a 1mm- 
thick transparent potyurethane f Dm (a membrane having 
a lew-water vapor permeability) for the purpose of pro- 
tecting the wound surface covered with the BPE gel, 
and maintaining the wetted state of the. BPE gel. There- 
is after, the outer surface of the transparent polyurethane 
fOm was bandaged under pressure by means of an elas- 
tic band (Elastoband). 

With the elapse of time, the gel state of the thus 
covered BPE gel, was observed with naked eyes and 
20 the presence or absence of the accumulation of exu- 
date from the wound surface was observed. Further, the 
area of the wound surface was measured by taking pho- 
tographs thereof at intervals of one week. In addition, 
pathological examinations were performed at 2, 3, 4, 5 
25 and 1 0 weeks, respectively, counted from the gel forma- 
tion. 

In a case where the above BPE gel was used, in 
each of the deficient wound of 2.0 x 2.0 cm, and that of 
4.0 x 4.0 cm, within the period of time during which the 

30 above observation was performed, no accumulation of 
exudate between the BPE gel and the wound surface 
was observed, the gel was not floated above the wound 
surface to be flowed away, and was not dissolved to be 
extinguished, but the BPE gel completely covered the 

35 wound surface in close contact. Moreover, the BPE gel 
increased its gel strength along with the decrease in the 
area of the wound surface, so as to change the gel area 
in accordance with the area of the wound surface. 
Finally, at the time at which the healing of the wound 

40 was completed (i.a, after three weeks in the case of the 
deficient wound of 2.0 x 2.0 cm, and after four weeks in 
the case of the deficient wound of 4.0 x 4.0 cm), the gel 
assumed a point-like shape or extinguished. According 
to the present inventor's findings, it was presumed that 

45 such a phenomenon occurred for a reason that the gel 
was gradually concentrated, and was discharged from 
the wound at the time of the completion of the wound 
healing. 

Figs. 2 to 5 show the results of the healing process 
so for a wound surface obtained by naked eye observation. 
In the case of the deficient wound of 2.0 x 2.0 cm, a 
full-thickness skin wound was formed, the BPE solution 
was poured thereinto, and then converted into a gel 
state, and immediately thereafter, the area of the resuft- 
55 ant wound surface was defined as 100.% (Rg. 2). After 
one week counted from the gel formation, the area of 
the wound surface was reduced to about 50 % (Rg. 3). 
After two weeks, the area of the wound surface became 
about 10 % (Rg. 4), and after three weeks, the wound 
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was converted into a linear wound so that the healing of 
the wound was completed (Fig. 5). Thereafter, the linear 
wound further showed a reducing tendency, and was 
substantially extinguished at 10 weeks so that the 
resultant wound was difficult to be recognized by naked 
eyes. 

As shown by the above Fig. 2, the BPE gel showed 
a good transparency, and it was possible to observe the 
state of the wound surface through the gel. 

Frg& 6 to 7 show the histological findings of the 
above-mentioned deficient wound of 2.0 x 2.0 cm after 
three weeks. Fig. 6 shows the dermis layer of a portion 
of the linear wound (a section obtained by cutting the 
linear wound in a direction substantially perpendicular 
to the linear wound), and Fig. 7 shows a portion of the 
dermis layer which is apart from the linear wound, 
respectively. As shown by Fig. 6, a complete covering 
with epidermis was observed except the central portion 
of the linear wound. In the regenerated epidermis, there 
had already been recognized the formation of hair folli- 
cles and sebaceous glands. In the dermis layer under 
the linear wound, ffcrobtasts were diffusively present, a 
large number of blood capillaries extending in the direc- 
tion perpendicular toward the epidermis were observed, 
whereby it was microscopically judged that the tissue 
was in the course of healing. 

On the other hand, as shown by Fig. 7, in the der- 
mis layer apart from the linear wound, relatively thick 
wave-tike bundles of collagen ftoers and fbroblasts 
were sporadically observed so that such dermis was 
similar to the normal dermis. In the histological findings 
after five weeks, the regenerated epidermis could not 
be distinguished from normal epidermis at all. Even in 
the dermis layer under the linear wound, wave-like bun- 
dles of collagen ffoers, a few fibroblasts, and blood cap- 
illaries were observed so that it was similar to the 
normal dermis. 

Figs. 8 to 12 show the results of the healing process 
for the surface of a wound of 4.0 x 4.0 cm obtained by 
naked eye observation. In this case, a full-thickness skin 
wound was formed, the BPE solution was poured there- 
into, and then converted into a gel state, and immedi- 
ately thereafter, the area of the resultant wound surface 
was defined as 1 00 % (Fig. 8). After one week counted 
from the gel formation, the area of the wound surface 
was reduced to about 60 % (Fig. 9). After two weeks, 
the area of the wound surface became about 10 % (Fig. 
10), and after three weeks, the area of the wound sur- 
face became about 1 % (Fig. 11), and then the wound 
was converted into a linear wound so that the healing of 
the wound was completed (Fig. 12) after four weeks. In 
the histological findings thereof, the observation results 
after four weeks were similar to those after three weeks 
in the case of the wound deficient of 2.0 x 2.0 cm 
Thereafter, the observation results of this case were 
similar to those in the case of the wound deficient of 2.0 
x 2.0 cm, after a delay of one week therebetween. 



Examples 

A full-thickness skin wound having a size of 4.0 x 
4.0 cm was formed in each of rats in the same manner 

5 as in Example 4. Then, the wound-covering material 
(GYM) synthesized in Example 2 was dissolved in a cul- 
ture medium (RPMI-1640, rrrfd. by Nissui Seiyaku K.K.) 
under cooling with ice so as to provide a concentration 
of 5 %, and thereafter the resultant mixture was steri- 

10 Hzed by means of an autoclave (121 °C, 15 min.), and 
then was again dissolved in the culture mecfium under 
cooling with ice. 

The resultant culture medium solution of GYM 
cooled to 10 °C was sucked in a cooled pipet and was 

is poured into the surface of the above-mentioned full- 
thickness skin wound. The amount of the thus poured 
GYM solution was about 3 ml. After the pouring of the 
above GYM solution, the GYM solution was immedi- 
ately converted irrt a gel state on the wound surface, 

20 thereby to provide a wound-covering matter which com- 
prised the GYM gel and was closely attached to the 
wound surface. Then, the outer surface of the gel was 
covered with a 1 mm-thick transparent polyurethane f 9m 
for the purpose of protecting the wound surface covered 

25 with the GYM gel. and of maintaining the wetted state of 
the GYM gel. Thereafter, the outer surface of the trans- 
parent polyurethane fflm was bandaged under pressure 
by means of an Elastoband. 

In the same manner as in Example 4, with the 

30 elapse of time, the gel state of the thus covered GYM 
gel was observed with naked eyes, and the presence or 
absence of the accumulation of exudate from the wound 
surface was observed. Further, the area of the wound 
surface was measured by taking photographs thereof at 

35 intervals of one week. Within the period of time during 
which the above observation was conducted, no accu- 
mulation of exudate between the GYM gel and the 
wound surface was observed, the gel was not floated 
above the wound surface to be flowed away, and was 

40 not dissolved to be extinguished, but the GYM gel com- 
pletely covered the wound surface in close contact The 
process of the healing of the wound surface covered 
with the gel was substantially the same as that in the 
case of the BPE gel in Example 4, and the heating of the 

45 wound was completed after four weeks. In this case 
using the GYM gel, similarly as in the case of the BPE 
gel, the GYM gel increased its gel strength along with 
the decrease in the area of the wound surface so as to 
change the gel area in accordance with the area of the 

so wound surface. Finally, at the time at which the healing 
of the wound was completed, the gel was discharged 
from the wound. In addition, when the histological find- 
ings of the wound surface covered with the GYM gel 
were performed, it was found that the histological find- 

55 ings were substantially the same as that in the case of 
the BPE gel. 
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Example 6 

Experiments of healing of mouse wounds were 
conducted in the same manner as in Example 4 except 
that the thickness of the transparent polyurethane film 
used in Example 4 was changed to 30 nm. As a resiit, 
it was found that, when one week after the wound-cov- 
ering matter in a gel form was formed on the wound sur- 
face, there was a tendency to provide a clearance 
between the gel and the wound surface due to the 
shrinkage of the gel based on the drying thereof. In a 
case where such a clearance occurred, there were 
sometimes observed an example wherein exudate was 
accumulated in the above-mentioned clearance so as to 
cause infection; and an example wherein the gel was 
cracked due to drying thereof so that the fragments of 
the gel were incorporated into the tissue. 

Comparative Example 1 

A full-thickness skin wound of 2.0 x 2.0 cm or 4.0 x 
4.0 cm was formed in each of rats in the same manner 
as in Example 4, and thereafter comparative experi- 
ments were conducted while leaving the above wounds 
open. 

In the case of the deficient wound of 2.0 x 2.0 cm, 
the shrinkage of the wound was caused and regener- 
ated epidermis was formed. After three weeks, the clo- 
sure of the wound was recognized, but cicatricial 
wounds having a size corresponding to an adzuki bean 
was recognized, and therefore the resultant shape 
thereof was not good. Histologically, it was recognized 
that the above-mentioned deficient wound was substi- 
tuted with dermal cicatricial tissue, and no position 
thereof was similar to the normal dermis. The resultant 
epidermis was thickened and became hyperplasia, and 
no hair follicle nor sebaceous gland therein was 
observed. 

On the other hand, int he case of the deficient 
wound of 4.0 x 4.0 cm, the wound was rapidly shrunk 
until three weeks so as to reduce the area of the wound 
surface. However, the shrinkage thereof did not occur 
thereafter, and a cicatricial wound having an ugly mark 
remained. The histological findings was the same as 
that in the case of the deficient wound of 2.0 x 2.0 cm. 

Comparative Example 2 

A full-thickness skin wound having a size of 2.0 cm 
x 2.0 cm or 4.0 x 4.0 cm was formed in each of rats in 
the same manner as in Example 4. 

Then, Pluronic F-127 (mfd. by BASF Co) was dis- 
solved in a physiological saline under cooling with ice so 
as to provide a concentration of 20%, and thereafter the 
resultant mixture was sterilized by means of an auto- 
clave (121 °C, 20 rrrin.), and then was again dissolved in 
the physiological saline under cooling with ice. The 
resultant physiological saline solution of Pluronic F-127 
cooled to 10 °C was sucked in a cooled pipet and was 



poured into the surface of the above-mentioned full- 
thickness skin wound. The amount of the thus poured 
solution was about 1.2 ml and about 3 ml, respectively, 
in the cases of the deficient wounds of 2.0 cm x 2.0 cm 

5 and 4.0 x 4.0 cm . After the pouring of the above 
Pluronic F-127 solution, the solution began to be con- 
verted int a gel state within several seconds, and was 
completely converted into a gel state after one rrtin., 
thereby to provide a matter closely attached to the 

w wound surface. 

Then, in the same manner as in the cases of the 
BPE gel and GYM gel, the outer surface of the wound 
covered with the Pluronic F-127 gel was covered with a 
Imm-thick transparent polyurethane film, and thereaf- 

is ter, the outer surface of the transparent polyurethane 
fOm was bandaged under pressure by means of an 
Elastoband. 

In the same manner as in Examples 4 and 5, with 
the elapse of time, the gel state of the thus covered 
20 wound surface was observed. As a result when the 
above-mentioned Pluronic F-127 gel was placed on the 
wound surface for a day, it was found that the gel had 
already been dissolved and extinguished completely. 
According to the present inventor's findings, it was pre- 
ss sumed that the gel was dissolved by the exudate 
secreted from the wound surface. 

Even when the Pluronic F-127 solution was newly 
poured into the above-mentioned wound surface, it was 
dissolved and extinguished after one day counted from 
30 the pouring of the new pouring, similarly as in the previ- 
ous pouring. When such an operation was repeated, a 
thin film-like matter was formed on the wound surface 
after five days counted from the formation of the defi- 
cient wound. However, at this time, even when the 
35 Pluronic F-127 solution was newly poured into the 
above-mentioned wound surface, it was not attached to 
the wound sutace closely, but was flowed away. 

In the case of the deficient wound of 2.0 x 2.0 cm, 
the shrinkage of the area of the wound surface was rec- 
40 ognized. However, in the case of the deficient wound of 
4.0 x 4.0 cm, the wowd was not converted into a linear 
wound even after four weeks, but a cicatricial wound 
having an ugly mark remained which was similar to that 
observed in the case of the open wound (Comparative 
45 Example 1). 

Industrial Applicability 

As described hereinabove, the present invention 
so provides a wound-covering material which may closely 
be attached to a wound surface having a complex pro- 
file, since it may be placed on the wound surface in a liq- 
uid state, and may rapidly be converted into a gel state 
so as to provide a wound-covering matter closely and 
55 stably attached to the wound surface; and also provides 
a wound-covering composition or wound-covering mat- 
ter utilizing such a material. 

As described above, the wound-covering material 
according to the present invention may provide a 
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wound-covering matter which may closely be attached 
to a complex profile of a wound surface without leaving 
a clearance therebetween, and is stable without being 
dissolved in exudate secreted from the wound surface. 
Accordingly, the above wound-covering material may 5 
prevent the secretion of the exudate from the wound 
surface until the completion of the wound surface heal- 
ing so as to provide an environment similar to that in a 
living organism, whereby it prevents the formation of a 
cicatricial wound having an ugly mark, and simultane- 70 
ously, remarkably promotes the process of the wound 
healing, unlike the conventional wound-covering medi- 
ums in the prior art. 

In addition, a gel based on the wound-covering 
material according to the present invention may change is 
its dimension (or size) and strength in accordance with 
the shrinkage of the wound surface, whereby the gel 
may automatically be discharged from the living organ- 
ism at the time of the completion of the wound healing. 

20 

Claims 

1. A wound-covering material, which comprises a pol- 
ymer having a sol-gel transition temperature in an 
aqueous solution thereof, shows a substantial 25 
water-insolubility at a temperature higher than the 
sol-gel transition temperature, and shows a reversi- 
ble water-solubility at a temperature lower than the 
sol-gel transition temperature. 

30 

2. A wound-covering material according to Claim 1, 
wherein the polymer is a polymer comprising a plu- 
rality of blocks having a cloud point and a 
hydrophilic block combined therewith. 

35 

3. A wound-covering material according to Claim 1, 
wherein the sol-gel transition temperature is higher 
than 0 °C and is not higher than 40 °C. 

4. A wound-covering material according to Claim 1, 40 
which further conrprises an antibacterial agent. 

5. A wound-covering material according to Claim 1, 
which further comprises a wound healing-accelera- 
tor. 45 

6. A wound-covering composition, which comprises, 
at least, water and a polymer having a sol-gel tran- 
sition temperature in an aqueous solution thereof, 
assumes a liquid state (sol state) at a temperature so 
lower than the sol-gel transition temperature, and 
assumes a gel state which is substantially water- 
insoluble at a temperature higher than the sol-gel 
transition temperature. 

55 

7. A wound-covering composition according to Claim 
6, which is capable of again assuming a liquid state 
(sol state), by once converting it into a gel state, 



and then lowering the temperature to a value lower 
than the sol-gel transition temperature. 

8. A wound-covering composition according to Claim 
6, wherein the polymer is a polymer comprising a 
plurality of blocks having a cloud point, and a 
hydrophilic block combined therewith. 

9. A wound-covering composition according to Claim* 
6, wherein the sol-gel transition temperature is 
higher than 0 °C and is not higher than 40 °C. 

10. A wound-covering composition according to Claim 
6, which further comprises an antibacterial agent. 

11. A wound-covering composition according to Claim 
6, which further comprises a wound healing-accel- 
erator. 

12. A wound-covering medium, comprising a layer of a 
composition to be placed on the side of a wound, 
and a membrane having a low water vapor perme- 
ability disposed on the outside of the composition 
layer; the composition layer comprising, at least, 
water and a polymer which has a sol-gel transition 
temperature in an aqueous solution thereof, 
assuming a liquid state (sol state) at a temperature 
tower than the sol-gel transition temperature, and 
assuming a gel state which is substantially water- 
insoluble at a temperature higher than the sol-gel 
transition temperature. 

13. A wound-covering medium according to Claim 12, 
which is capable of again assuming a liquid state 
(sol state), by once converting it into a gel state, 
and then lowering the temperature to a value lower 
than the sol-gel transition temperature. 

14. A wound-covering medium according to Claim 12, 
wherein the polymer is a polymer comprising a plu- 
rality of blocks having a cloud point, and a 
hydrophilic block combined therewith. 

15. A wound-covering medium according to Claim 12, 
wherein the sol-gel transition temperature is higher 
than 0 °C and is not higher than 40 °C. 

16. A wound-covering medium according to Claim 12, 
which further comprises an antibacterial agent 

17. A wound-covering medium according to Claim 12, 
which further comprises a wound healing-accelera- 
tor. 
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Fig. 3 
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